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CHAPTER I
THE PROBLEM
Statement of the problem. The aim of this investi- 
(,ation is the proof of the position of the sulfonate ^,roup 
in the resulting product of the sulfonation of 1,3,5-tri- 
ispropyl benzene, 1,2,4-triisopropyl benzene and 1,2,4,5- 
tetralsopropyl benzene. It has been shown, by x-ray dif­
fraction,^ that there is only one molecular configuration of 
the product resulting from the sulfonation of the aforemen­
tioned polyalkyl benzenes.
Importance of the study. The position of the sul­
fonate grouping in the triisopropyl benzen sulfonate under 
question has always been assumed from what is known about 
the adjacent groupings and the effect they have had on con­
stituents entering onto the benzene ring. There was always 
some doubt as to the exact location of the group as there 
are three possible positions, two of which may be considered 
likely.
^Gordon h., Shuck and E. C, Lingafelter, "Studies of 
Sulfonates,” Journal of the American Chemical Society, 71, 
1325 (1949).
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CHAPTER II
A DISC USE ION CF THE FRÛBLEÏ4
Often in literature the phraseology "the structure 
has not been proved but, it is probably this," is found.
This is very much so in the case of sulfonic acids because 
cf the ease of désulfonation and rearrangement of the com­
pound caused by the sulfonate group. This makes it hard to 
determine the position of the group on a compound through 
experiment.
The triisopropyl benzene sulfonate can be considered 
a very sterically hindered compound. The more hindered a
psulfonic acid is the more readily it is desulfonated.
The polyalkyl benzens, the 1,3,5- and the 1,2,4- 
triisopropyl benzens and the 1,2,4,5-tetraisopropyl benzene 
have been prepared by several previous investigators.
The method used in the preparation of the poly­
alkylated benzenes was a Friedel and Crafts type reaction 
involving sulfuric acid as a catalyst. The starting mater­
ials were benzene, isopropyl alcohol and concentrated sulfuric 
acid. Successive alkylations gave the desired polyalkyl-
^Lee I. Smith and Cyrus 0. Guss, "The Jacobsen reac­
tion VII," Journal of the American Chemical Society, 62. 
2631 (1940).
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benzenes. , —
"w R - < h
It was found in varying the amounts of the constitutents in­
volved in the alkylations, that if the concentration of the 
sulfuric acid was equal to, or less than, that of the iso­
propyl alcohol no reaction took place. Also, to obtain sat­
isfactory yields of higher alkylated benzenes more severe 
conditions would have to be used. Therefore the realkyla- 
tion procedure was carried out.
Separation of the higher polyalkyl benzene isomers, 
the 1,3,5- and the 1,2,4-triisopropyl benzenes, was carried 
out by using a special distilling head, similar in principle 
tut with slight modifications, to that designed by nloyd 
Eerg.
The products resulting from a number of reactions in­
volving all of the polyalkyl benzenes have been prepared.
But, a final concrete proof of the structures involved seems 
to be lacking. The sulfonate which results from the sulfona- 
tion of the previously mentioned polyalkyl benzenes is one 
of them.
It presents an interesting problem in that the sul­
fonate gives the same x-ray pattern for all three of the 
eulfonated products of 1,3,5-triisopropyl benzene, 1,2,4- 
triisopropyl benzene anu 1,2,4,5-tetraisopropyl benzene.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
TABLE I
PERCENT ALKYLATION YIELDS OF BENZENE AND ISOPROPYL ALCOHOL
WITH SULFURIC ACID AS A CATALYST
Bz. Cumene Diisopropyl Triisopropyl Residue and
Benzene Benzene Tetraisopropyl
___________________________________1«3.5 1.2.4 Benzene (Crude!
Procedure.*
1. 15.3 44.7 8.7 4.0 13.4 5.0
2. 9.2 31.0 12.0 4.6 23.2 8.0
3. 1.0 4.0 3.0 5.6 37.3 35.0
Total percent of triisopropyl benzene isomers as 
compared to the total triisopropyl benzene fraction.
Procedure 1 .2 3 Newton^
Isomer
1,3.5-
1.2,4-
23
76
16.7
83.3
13.0
87.0
16
84
*The procedures are those on pages 12 and 13.
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This gave rise to the thought that perhaps the
1,3»5- isomer was undergoing a Jacobsen reaction. Smith
defines a Jacobsen reaction as:
The migration of an alkyl group or a halogen atom in a sulfonic acid derived from a polyalkyl ben­
zene, a halogenated polyalkyl benzene, or a poly- 
halogenated benzene (, . .) .3
The 1,3 »5-triisopropyl benzene was subjected to sev­
eral experiments to see if it would rearrange. For a period 
of six weeks the hydrocarbon was placed in a desiccator over 
concentrated sulfuric acid} also, it was floated on top of 
sulfuric acid for the same time period. The hydrocarbon was 
shaken briefly with concentrated sulfuric acid, separated, 
washed with water and dried over calcium chloride. Steam 
was passed through some of the isomer. The results of these 
experiments were all negative with the exception of the 
direct contact of the hydrocarbon and the acid. This exper­
iment produced a black looking product. After neutralizing 
with 20% sodium hydroxide and recrystallizing from water the 
product was desulfonated in a sealed tube with hydrchloric 
acid. The physical constants were the same as for the
1,2,4- isomer.
With the previous experiments in view and drawing on
^Hoger Adams, editor in chief, Organic iieactions, 
(New York: John Wiley and Sons, Inc.,194217 P* 371.
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the knowledge that the triisopropyl benzene sulfonate results 
from the sulfonation of the 1,2,4,5-tetraisopropyl benzene 
it seems justifiable to conclude that the 1,3,5-isomer under­
goes a degradation and then realkylates. Propylene alkylates 
benzene in the presence of sulfuric acid.^ Therefore the 
following mechanism is proposed: R  = ̂  u
Sr *  a  e  w -c w.
Direct replacement of the sulfonate group with either 
a nitrile group or a hydroxy group was originally contemplât-
^A, Newton, ’’Polyisopropylbenzenes I," Journal of the 
American Chemical Society, p. 320 (1943)»
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ed. The nitrile would allow the preparation of an acid and 
the subsequent oxidation of the side chains to carboxyl 
groups. All of the benzenetetracarboxylic acids are known. 
This would afford a means of locating the sulfonate group.
If the sulfonate group were replaced with a hydroxy group 
perhaps the compound could be synthesized in another manner 
and again prove the position of the group in question.
The direct replacement of the sulfonate group with a 
nitrile grouping was tried by fusion of the sulfonate with 
potassium ferrocyanide. The reaction did not work and only 
produced polymerized materials.
The reaction of molten potassium hydroxide and a sul­
fonic acid usually produces the salt of a phenol. When the 
triisopropyl benzene sulfonate was fused with potassium 
hydroxide at 350°C, a clear melt resulted. However, no 
final product could be recovered. With better temperature 
control this reaction may work,
A Rosenmund von-Eraun reaction, which is the substi­
tution of a nitrile group for a bromine atom in the presence 
of pyridine, was carried out in a sealed tube for five hours 
at 200°C, using the sulfonate instead of the bromide. The 
only product isolated was the pyridine salt of the sulfonate. 
With the failure of the direct replacement of the 
sulfonate group with a nitrile or hydroxy group it was
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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decided to brominate the sulfonate. This would allow the 
preparation of the nitrile by the Rosenmund von-Braun reac­
tion. The bromination of the sulfonate was carried out in a 
hydrochloric acid solution with liquid bromine.
U CS.
Newton5 reports approximately crude yielas with 
6 modified Rosenmund von-Braun reaction in which the reac­
tants were heated in an open vessel. Repetition of his 
work gave yields of crude material around 81^. Purification 
of the crude dropped the average yield from 10 to 15^- When 
the nitrile was prepared in a sealed tube using copper sul­
fate as a catalyst the material had to be heated for six 
hours only instead of 4^ and the yield was increased to 91î̂  
of the purified material.
R. Cu.C.*i e.-kA'^
2. So'
A Grignard reaction, under normal conditions, was at­
tempted. The aim was the preparation of an acid by subsequent-
5a. Newton. Ibid.. 6^, 2441 (1943).
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ly pouring the reagent over dry ice. The reaction did not 
work and $2% of the bromide was recovered. Lithium was used 
instead of magnesium with no better results. In this case 
of the bromide was recovered. Since normal methods of 
producing the Grignard had failed a high temperature prepara­
tion was tried. The reaction was run in a nitrogen atmos­
phere for 18 hours in a bomb. When the reagent was poured 
over dry ice a product was formed. It was recrystallized 
from alcohol and the yield of purified material was 13-7^.
Gn oxidation of this product the final analysis corresponded 
to pyroraellitic acid. ^  ^ ̂
-------
^  L o i  ^
o d>
The attempt to hydrolyze the nitrile with 20fS hydro­
chloric acid in a sealed tube at 150 to 200^0 , for several 
days failed. This was probably due to the steric hindrance 
of the isopropyl groups. Because of its solubility in
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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diethylene glycol the nitrile was dissolved along with an
excess of potassium hydroxide in this medium to effect
hydrolysis. A yield of 55% of 2,4,5-triisopropyl benzoic
acid was obtained. R  = CM-»x ^e -
K o  c W O  c
The nitrile was oxidized with nitric acid in a sealed 
tube to the 1,2,4,5-henzenetetracarboxylic acid. The re­
action went to completion in about three hours and yielded 
of a purified product.
I)tdcV'^t— R. -  MOCyV-C-OT^
R - L J L  p-
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TABLE II
CARBON AND HYDROGEN DETERMINATIONS
Calculated Found
c
.......... -.. - ............... -....- ......^ ....
H
%
C
%
H
%
2,4,5-Triisopropyl B3.7S benzonitrile 10.11 S3.73 S3.73 10.17 10.10
2,4,5-Triisopropyl 77.37 
benzoic acid 9.74 77.11
77.52 9.71 9.70
1 ,2,4,5-Benzenetetra- 47.24 carboxylic acid 2.35 47.1447.07
47.12
47.09
2.30
2.31
2.32i
2.292
In the determination of carbon and hydrogen of the
1,2,4,5-benzenetetracarboxylic acid number one is that acid 
resulting from the oxidation of the Grignard product and 
number two is the acid resulting from the oxidation of the 
nitrile.
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CHAPTER III 
EÏPERLMENTAL PROCEDURES
The polyalkyl benzenes. The apparatus used was a 
three necked flask equipped with a Kirschberg stirrer, an 
efficient reflux condenser and a 500 milliliter dropping 
funnel.
To two moles of isopropyl alcohol, there was added, 
dropwise with stirring, two moles of concentrated sulfuric 
acid. The reaction was carried out in a water bath to pre­
vent the temperature of the reaction from rising above 30°C, 
The resulting isopropyl acid sulfate was added immediately 
to two moles of benzene and vigorously stirred. External 
heat was applied so that the temperature of the contents of 
the flask was 65°C, fifteen minutes after the last of the 
acid sulfate had been added. An additional 50 milliliters 
of concentrated sulfuric acid was added at this time. There 
was a deep red coloration and the temperature started to 
rise even though the external heat was turned off. The max­
imum temperature rise observed under these conditions was 
to 90°C. The yield of cumene was 44*7^. This is procedure 
1 and the results of nine such alkylations are summarized in 
Table I (page 4).
In procedure 2 the excess acid was added to the
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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isopropyl acid sulfate. The benzene was refluxing gently 
when the isopropyl acid sulfate was added in a continuous 
stream. Heating was not discontinued as in procedure 2 and 
a maximum temperature of 1 0 5®C. was reached. Stirring was 
continued until the temperature started to drop. It was 
then halted and the hydrocarbon was separated. The summary 
of 14 such alkylation are in Table I {page 4).
Procedure 3 is a multiple alkylation. An alkylation 
was carried out as per procedure 2, The hydrocarbon was 
separated from the sulfuric acid layer and washed gently, 
without shaking, with a stream of hot water. The washing 
was continued until the wash water was relatively clear.
The hydrocarbon was then shaken with water after which it 
was washed with a 10^ solution of sodium hydroxide. The 
hydrocarbon was dried over calcium chloride for 24 hours.
It was then realkylated in accordance to procedure 2, Four­
teen such alkylations are summarized in Table I (page 4).
To separate the 1,3,5- and the 1,2,4-triisopropyl 
benzenes a special distilling head was used. It was modified 
slightly, but in principle it was identical with the one 
designed by uloyd Berg, The modifications^ are the inclusion
^The apparatus was built and modified by the Jacob­
sen Experimental Laboratory, Seattle, Washington,
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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of a 1 0 /3 0  standard taper joint, below the baffle, for a 
thermometer and the replacement of the ball joint with a 
2 4 /4 0  standard taper joint. The column that was used meas­
ured 1 .5  X 45 centimeters and was packed with one-eighth 
inch glass helices. The column and head were wrapped with 
sheet asbestos which was used as a base for a nichrome wire 
heater element. A coating of water glass solution held the 
wire in place. The element was then covered with another 
sheet of asbestos and the entire column was encased in 50 
millimeter glass tubing. All distillations were carried out 
under a vacuum of .5 to 1 millimeter.
Preparation of the triisopropyl benzene sulfonate.
To a mixture of 150 milliliters of carbon tetrachloride and 
50 milliliters of hydrocarbon (from procedure ;/3) there was 
added, in a continuous stream with vigorous stirring, 50 
milliliters of 20^ fuming sulfuric acid. After the mixture 
had cooled to room temperature it was transferred to a sep­
aratory funnel and the sulfuric acid layer was drawn off.
The carbon tetrachloride layer was distilled off until about 
120 milliliters had been recovered. The residue was diluted 
with 250 milliliters of water. The lower carbon tetrachlor­
ide layer was discarded. The water layer was neutralized 
with 20$ sodium hydroxide solution and yielded the sodium
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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salt of the sulfonate. The material was recrystallized 
from water several times i.e., until the water was neutral 
to litmus.
Hydrolysis of the sulfonate resulting from the sul- 
fonation of the 1.3.5- isomer. The sulfonate was sealed in 
a tube, 1.Ô X 40 centimeters, with 3 milliliters of dilute 
hydrochloric acid and heated at 125^0. for 24 hours. The 
index of refraction and the boiling point of the resulting 
oil indicated the formation originally of a 1,2,4-triisopro­
pyl benzene-?-sulfonate.
Fusions with the trlisopropyl benzene sulfonate. 
Fusion with potassium ferrocyanide was carried out in an 
iron pipe, 11" x li", fitted with brass connections to a 
length of copper tubing. The tubing ran into a one liter 
three necked flask equipped with an efficient reflux con­
denser. The ratio of sulfonate to ferrocyanide was one to 
four. The iron pipe was heated as evenly as possible, with 
meker burners, for one-half hour. A solid and an oil were 
collected. The solid was identified as ammonium carbonate. 
The oil was distilled in vacuo. Its boiling point range was 
froJii 240 to 280®C. The index of refraction for the fraction 
toiling at 240 to 260°C. was 1.5015; for the 260 to 250^0. 
fraction it was 1.5321. A sodium fusion showed only minute
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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traces of nitrogen present. The oil added bromine without 
an evolution of HBr, The process was discarded.
The Rosenmund von-Braun reaction with the sulfonate.
To .3 gram of sulfonate, 2 equivalents of cuprous cyanide,
.1  gram of copper sulfate there was added 3 milliliters of 
pyridine. This was sealed in a tube for 6 hours at 250^0 , 
ii salt resulted with a melting point of 173 to 131°C.
Bromination of the sulfonate. Â, Fifty grams of 
triisopropyl benzene sulfonate was dissolved in 500 milli­
liters of water. There was added, with stirring, 12 grams 
cf bromine in concentrated hydrochloric acid. The bromine- 
hydrochloric acid solution was prepared by dissolving the 
tromine in a minimum of 20 milliliters of concentrated hydro­
chloric acid. After the bromine color was discharged the 
stirring was stopped. The bromide was extracted with ether. 
The ether was removed and the bromide was distilled under 
vacuum. The yield of crude bromide from three such prepara­
tion was 60.8%. After distillation the yield was 42,7%.7
B. An excess of bromine, 29 grams, was added drop- 
wise with stirring to a solution of 30 grams of the sulfonate
^Werner Kelbe und Karl Pathe, "Ueber die Einwirkung von 
Brora auf die wasserige Losung der Pseudocunolsulfosaure, und uber das Tetramethylbenzol,” Berichte, 1^, p. 1546 (1886).
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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in 250 milliliters of 10^ hydrochloric acid. The mixture 
was stirred for thirty minutes after all the bromine had been 
added. The excess bromine was removed with sodium meta­
bisulfite and the bromide was extracted with benzene. The 
benzene solution was washed with a 10> solution of sodium 
carbonate and then with water. The benzene was removed by 
distillation. The residue,- a white oil, was fractioned in 
vacuo. The yield of pure material was 62fo.^ The boiling 
point of the bromide was 267°C.
Preparation of the (lignard reagent. A mixture of 
2,5 grams of the bromide, 1 gram of magnesium, 20 milliliters 
of ether, a crystal of iodine and a few drops of methyl 
iodide were placed in a bomb and heated, in a nitrogen at­
mosphere, for 18 hours at 150°C. When the reagent was poured 
on dry ice and worked up a purified product melting at 159»^ 
to 1 6 1 .0°C. was obtained in a 4.6^ yield. The experiment 
was repeated omitting the iodine and the methyl iodide. The 
quantity of ether was doubled and a small amount of benzene 
was added. The temperature was maintained at 170°C. for 18 
hours. The resulting reagent was slowly poured over 20 grams 
of dry ice. The material was stirred until all of the dry 
ice had evaporated. Then 20 grams of ice and 3 milliliters
Â., Newton, 2441 11943 J.
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ĉ r concentrated hydrochloric acid in 10 milliliters of water 
were added. The mixture was stirred until the solid mater­
ial had dissolved and there was a formation of two layers.
The water layer was separated and discarded. The ether solu­
tion was washed with a 4$ hydrochloric acid solution after 
which it was extracted with a 10^ sodium bicarbonate solu­
tion. The ether was extracted with the sodium bicarbonate 
solution as long as any reaction took place. The extracts 
were combined and acidified with concentrated hydrochloric 
acid. The resulting compound was recrystallized from alco­
hol. The melting point was 160 to l6l.2°G. The yield was 
1 3 .7^ of purified material.
The Rosenmund von-Braun reaction with the bromide. A 
mixture of 1.5 grams of the bromide, 1.1 grams of cuprous 
cyanide (2 equi\^alents ) and 6 millilitei s of pyridine were 
sealed in a 1.8 x 40 centimeter tube and heated at 232°C. 
for 56 hours. The resulting material was extracted, distil­
led and recrystallized. The melting point was 41.0 to 
4 2 .5°C. The yield was 70.0^ of purified material. Repeating 
this experiment and using .1  gram of copper sulfate and heat­
ing the material for 6 hours at 250°C. a yield of 91/-̂ of 
purified product was obtained. The crude product was ex­
tracted with benzene. After filtration and removal of the 
benzene, by heating on a water bath, the material was vacuum
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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distilled* A colorless oil was obtained which crystallized 
on standing* Kecrystallization was from ligroin.
Analysis, Calcd. for C, 8 3.7Ô; H, 10.11.
Found: C, 83.73, 83*73; H, 10.17, 10*10*
Hydrolysis of the nitrile* Two grams of the nitrile 
were dissolved in a soluction of diethylene glycol containing 
2 grams of potassium hydroxide. The mixture was heated on a 
koods metal bath for 12 hours at approximately 225^0 , The 
resulting solution was acidified and filtered* The precipi­
tate was dissolved in alcohol and treated with decolorizing 
charcoal. The material was recrystallized from alcohol sev­
eral times. The yield of purified product was 55fo, The 
melting point of the product was I60 to l6l,5°C.
Analysis. Calcd, for *̂1 5^24^2 * 77.37; H, 9*74*
Found: C, 77.11, 77.52; H, 9.71, 9.70.
Hitrie acid oxidations* Five-tenths of a gram,of
nitrile, 3 milliliters of concentrated nitric acid and a few 
drops of l?o copper sulfate solution were sealed in a tube and 
heated for three hours at 150^0. The product was filtered 
and recrystallized from alcohol. The melting point was 261 
to 2 6 2.1°C. Recrystallized from water the melting point was 
266 to 2 6 8.3°C. Literature gives 264°C, and 269 to 271^0 . 
for 1,2,4,5-benzenetetracarboxylic acid.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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^nalyaia. Calcd. for Og: C, 47,24; H, 2.36.
Found: C, 47.07, 47.09; H, 2.31, 2,29.
The experiment was repeated using the acid prepared 
by the Grignard reaction, iiecrystallizing from alcohol the 
aelting point was 260.5 to 262°G,, from water it was 266 to 
269°C.
Analysis. Calcd. for O^^QH^Og: C, 47.24; H, 2.36.
Found: C, 47.14, 47.12; H, 2.30, 2,32,
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
CHAPTER IV
SUI'TMARY AND CONCLUSION
Summary. A mechanism for the sulfonation of the 
1,2,4-tri and the 1,2,4,5-tetraisopropyl benzenes 
is proposed. The direct replacement of the sulfonate group 
in 1,2,4-triisopropyl benzene-?-sulfonate by using fusion 
o.ethods could not be accomplished. The sulfonate group was 
replaced by a bromine atom on direct bromination in a hydro­
chloric acid solution, A high temperature Grignard reaction 
with the bromide produced an acid when the reagent was treat­
ed with carbon dioxide. The bromide was converted to the 
nitrile, in good yield, by the Rosenmund von-Braun reaction 
with the use of copper sulfate as a catalyst. The nitrile 
was converted to the acid by mean© of Glaisen*s alkali. 
Hydrolysis and oxidation of the nitrile was accomplished in 
one step by using nitric acid in a sealed tube. The final 
product was 1 ,2,4,5-benzenetetracarboxylic acid.
Conclusion, The hydrolysis and oxidation of the 
nitrile to 1,2,4,5-benzenetetracarboxylic acid proves the 
molecular configuration of the product by the sulfonation of
1 .3 .5-triisopropyl benzene, 1 ,2 ,4-triisopropyl benzene and
1 .2 .4 .5-hetraisopropyl benzene. It is 1 ,2 ,4-triisopropyl
b e n z e n e —5 - ^ ^ f o ï i â t e ,
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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APPENDIX
The reaction between the sulfonate and the molten 
potassium hydroxide could stand further investigation.
Some reaction occurs and perhaps with better temperature 
control the 2 ,4 ,5-triisopropyl phenol could be prepared.
The high tempeiature preparation of the Grignard 
reagent is worthwhile a^so. If the solid carbon dioxide 
were introduced into the bomb and heated after the reagent 
had been formed, increased yields of the mono acid may re­
sult. This method of preparing the Grignard reagent could 
be tried on a number of sterically hindered compounds that 
normally do not give the reagent under normal conditions 
with some very interesting results.
The water of hydration of the sodium salt of the sul­
fonate could not be determined.
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